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Biochar application to soil surface layer effectively reduces nitrogen leaching under 
crop-present conditions 
 

The Haber–Bosch process enables humanity to produce nitrogen fertilizer, allowing 
the population to grow by increasing food production. However, nitrogen applied as 
fertilizer often leaches from farmland in nitrate form, moving into water bodies such as 
groundwater and rivers and polluting the surrounding environment. Therefore, mitigating 
nitrogen leaching is urgently required. Biochar has been applied to farmlands to mitigate 
leaching while storing carbon. The effect of biochar application differs depending on the 
application depth; however, the effect of the application depth has not been evaluated 
under crop-present conditions. This study aimed to evaluate the effects of different 
biochar application depths on nitrogen leaching under crop-present conditions. 

We conducted a pipe experiment with a plant (NERICA4) using bagasse biochar 
(800°C) with four treatments (Fig. 1): no biochar application (control), surface application 
(0–5 cm), plow layer application (0–30 cm), and subsurface application (25–30 cm). The 
experiment was conducted in a glass room. The amount of applied biochar was the same 
among the treatments (10 t ha−1). Surface irrigation was conducted every two or three 
days, and powdered fertilizer was applied monthly. We measured the amount of nitrate 
and ammonium leaching during the experiment. Nitrate leaching was reduced by 12.3% 
by surface application (p<0.05), whereas nitrate and ammonium leaching were increased 
by 6.4% (p<0.05) and 164.1% (p<0.01) by plow layer application (Fig. 2). The subsurface 
application did not alter the leaching. We estimated the soil’s dry condition and found 
that it was weaker at a depth of 10 cm under surface application, whereas it was stronger 
under plow layer application (Fig. 3, left). The root length density was increased at all 
depths under surface application, while it was smaller at the soil surface layer under plow 
layer application compared to the control (Fig. 3, right). The estimated amount of 
adsorbed inorganic nitrogen indicated that 75% of nitrogen existed at depths of 0–30 cm 
under surface application, whereas more than half of it existed at depths of 30–95 cm 
under plow layer application (Table 1). 

Our study indicated that surface application reduced nitrate leaching; the reduction 
in soil’s dry condition and the increase in adsorbed inorganic nitrogen might explain these 
differences. Choosing a proper biochar application depth could contribute to mitigating 
nitrate leaching and possibly reducing nitrogen fertilizer use. 
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Table 1. Nutrient budget of inorganic nitrogen 

Fig. 1. Schematic of the experimental pipes 
We applied four treatments with five replicates. The 
amount of applied biochar was the same among the 
treatments, but its content rate was different. Black 
and grey indicate high and low biochar content, 
respectively. 

Reference: Hamada et al. (2024) Scientific Reports 14: 22823.  
The figures are reprinted/modified from Hamada et al. (2024) © The Author(s) 2024 

Fig. 2. Cumulative leaching amount of nitrate (left) and ammonium (right) 
** and * indicate significant differences (p<0.01 and p<0.05), while ns indicates a non-significant 
difference compared with the control. Error bars represent the standard error. 
 

Fig. 3. Temporal change in pF (left) and distribution of root length density (right) 
At pF>3, soil dryness increases, and water and nutrient absorption by roots decreases. 


